ABSTRACT
INTRODUCTION
Cancer is a complex disease that can affect any part of the body. It is the second most frequent cause of mortality, with about 8.2 million deaths and 14 million new cases annually, worldwide (1) . It is expected that annual cancer death rate will continue to increase, reaching 11.4 million in 2030 (2) .
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The study of natural products has until today been the single most successful strategy for the discovery of new medicines used in anticancer therapy, and more than two-thirds of the drugs used in cancer treatment come directly from natural products or are developed using knowledge gained from the activity of their ingredients (3) . Essential oils, secondary metabolites of plants, are mixtures of chemical substances mainly terpenes. Terpenes are considered as valuable natural source of pharmacologically active compounds that can be used in the treatment of various diseases (4) .
The constituents of essential oils are classified as terpene hydrocarbons, distinct in monoterpenes (C10), sesquiterpenes (C15), and diterpenes (C20). Monoterpenes are the most abundant constituents, and often, the antitumor activity of essential oils has been related to their presence in the phytocomplex. Linalyl acetate, alpha-terpineol, and camphor in association with linalyl acetate, alpha-terpineol, and camphor caused inhibition of the growth of the human cancer cell lines (4, 5) .
Reactive oxygen species (ROS) and oxidative stress play an important role in the etiology and progression of major human degenerative diseases. Nowadays, evidence supports that antioxidant substances in some essential oils as Lavandula angustifolia Mill. essential oil can prevent oxidative damage of cells and ROS-induced diseases by reacting with free radicals, scavenging free radicals. In addition, essential oils are potentially useful sources of antimicrobial compounds. Numerous studies have been published on the antimicrobial activities of plant compounds against many different types of pathogens. Antioxidant, antimicrobial, and antiproliferative activity of essential oils cannot be attributed only to major components, but the interaction of all constituents present in the essential oil plays an important role (4, 6) .
L. angustifolia Mill. belongs to the family Lamiaceae, genus Lavandula. It contains species with the essential oils of a high economic value, so it represents the most important genus in the family Lamiaceae. In Balkan region, the lavender essential oil is conventionally used for the treatment of antibacterial and antifungal infections, flatulence, depression, and anxiety (7) . Although L. angustifolia is commercially cultivated in many regions of the world, it is wild species in Balkans. The ecological conditions of different countries may influence the chemical profile of the plant materials because some compounds may be accumulated at a particular period in response to environmental conditions. Essential oils collected from different countries at different seasons comprise different chemical compositions and thus may exhibit different biological activities (8) . This prompted us to investigate the chemical profile of lavender essential oil native to Bosnia and Herzegovina and determine its biological activities. There are no previous studies related to examination (antiproliferative, antioxidative, and antimicrobial activities) of the essential oils of L. angustifolia from the south of Bosnia and Herzegovina and South Balkan region. Thus, the aim of the present study was to determine the chemical constituents and evaluate the antiproliferative, antioxidant, and antibacterial activities of the essential oil extracted from L. angustifolia Mill. growing wild in Bosnia and Herzegovina.
METHODS

Plant material and isolation of the essential oil
The flowering aerial part of wild growing plant of L. angustifolia Mill. was collected in June 2015 in the south region of Bosnia and Herzegovina (location: Latitude N43°41´30.14"; Longitude E17°50´12.37"). Voucher specimen of the collected plant material No.114/15 was confirmed by Prof. Samir Đug and deposited at the Herbarium of the Department of Biology Faculty of Sciences, University of Sarajevo. Only the flowers were used for the preparation of the essential oil. The essential oil was recovered by hydrodistillation according to the European Pharmacopoeia 7 edition (9), using Clevenger apparatus (Klaus Hofmann GmbH, Germany), using 20 g of dry material and 400 ml of water. The duration of the hydrodistillation was 2.5 h, and the resulting oil was dried over anhydrous sodium sulfate and stored at 4°C in a dark glass vial. The quantity of the predestilated essential oils was determined volumetrically. The essential oil, as well as stock solutions, was kept in dark at 4°C.
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Essential oil analysis
Qualitative and quantitative analyses of the essential oils were carried out using a gas chromatography/mass spectrometry system (GC-MS, Thermo Scientific, Palo Alto, USA, Thermo Scientific DSQ II Series Dual-Stage Quadrupole GC/MS) at electron energy = 70 eV. As a carrier gas, helium (1 ml/min) was used. The capillary columns (ZB-5MS 30 m × 0.25 mm; film thickness 0.25 µm Phenomenex, Torrance, USA) were used. The temperature programs were 60-250°C at a rate of 4°C/minutes until 250°C, respectively, with split ratio, 1:50. Injector and transfer line were set to 260°C and 270°C, respectively. Coelution and MS analysis based on the identification of the individual compounds, and the comparison of their relative retention times (RTs) with those of the reference samples was performed. Oil constituents were identified by comparison of their retention indices with those of the literature, determined in relation to a homologous series of n-alkanes (C8-C20) under the same operating conditions. For the components, mostly sesquiterpenes and aliphatic compounds, for which reference substances were not available, the identification was performed by matching their RTs and mass spectra with those obtained from the authentic samples and/or the National Institute of Standards and Technology, known as the National Bureau of Standards, Wiley libraries spectra as well as with literature data (10) . Software AMDIS version 2.62 was used.
Antibacterial activity
Antimicrobial activity of essential oil, isolated from L. angustifolia was carried out according to the diffusion method we used in our earlier study (11) . A collection of six test organisms, including three Gram-positive and three Gram-negative bacterial strains, was used. The groups included five organisms of American Type of Culture Collection (ATCC) and one organism of National Collection of Type Cultures. The source of the bacterial strains is shown in Table 1 . All test organisms were stored at +4°C on Mueller-Hinton agar slants, subcultured every 2 weeks and checked for purity. Antibiotics which are therapeutically important in treating infections caused by these microorganisms were used as comparative substances (as positive control):
ciprofloxacin for the evaluation of antimicrobial activity of Pseudomonas aeruginosa, penicillin G for Bacillus subtilis, gentamicin for Staphylococcus aureus and Staphylococcus epidermidis, and tetracycline for Escherichia coli and Salmonella enterica subsp. enterica serotype ABONY. All samples were applied as solution in n-hexane. The effect of the solvent (n-hexane) on the microbial growth was also analyzed. On the surface of the agar, the 6 mm holes in diameter were punched. One hundred microliters of the tested essential oils (5%, 1%, 0.5%, and 0.1% solutions in n-hexane) was applied to the holes. The plates were incubated overnight at 37°C, and the diameter of the resulting zone of inhibition was measured. The evaluation of the antibacterial activities of the essential oils was carried out in three repetitions.
Antioxidant activity
Chemicals and instruments
1,1-diphenyl-2-picrylhydrazyl (DPPH•) as free radical form (90% purity) and 6-hydroxy-2,5,7,8 tetramethylchroman-2-carboxylic acid (Trolox) were obtained from Sigma-Aldrich, Quimica (Alcobendas, Spain). N-hexane was provided by Merck (Mollet del Valle's, Spain). All reagents were of analytical grade. Double distilled water (Millipore Co.) was used throughout. Absorbance measurements were recorded on ultraviolet/visible mini-1240 spectrophotometer (Shimadzu, Japan).
DPPH method
A hexane solution (90 µM) of the radical DPPH• was prepared daily and protected from light. Absorbance was recorded to check the stability of the radical throughout the time of analysis. Stock solution (2 ml) of essential oil was mixed with 90 µM DPPH (2 ml) solution. Absorbance at 515 nm was recorded after reaction reaches an equilibrium at about 95 minutes. The blank reference cuvette contained hexane. Stock solutions were diluted to 10 ml with n-hexane to yield the concentrations of 0.12, 0.249, 0.495, 0.617, and 0.74 mg/ml, respectively. Absorbance intensity of DPPH at wavelength 515 nm was measured in the test solutions that were contained 2 ml of 90 µM DPPH solution and 2 ml of tested dilutions of essential oil (from 0.12 to 0.74 mg/ml).
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Absorbencies intensity of the test solutions and the blank (with same chemicals, except sample) were measured at the 0 minute and at the time when the steady state of the reaction between DPPH and analyzed compound was reached. 0. Antiproliferative activity
The antiproliferative activity of the oil was determined using 3-(4,5-dimethylthiazol-2-Yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The purpose of this study was to obtain the specific activity profile of lavender essential oil by the determination of the activity at different concentrations in an appropriately selected cell panel. For this purpose, well-characterized cell lines with regard to tumor type, genotype, proliferation rates, growth characteristics (solid and hematological), and general drug sensitivity and resistance were used (three cell lines found in the National Cancer Institute cell line screen). A known antitumor compound doxorubicin was used as a control, referent compound, in parallel with the tested compounds (13) .
Cell lines
The experiments were carried out on three human tumor cell lines: MCF7 (breast adenocarcinoma, ATCC® HTB-22™), NCI-H460 (lung carcinoma, large cell lung cancer (ATCC® HTB-177™), and MOLT-4 (acute lymphoblastic leukemia ATCC® CRL-1582™).
Cell culturing and proliferation assay
The cells were cultured as monolayers (MCF7 and NCI-H460) or suspension (MOLT-4) and maintained in RPMI 1640 medium, supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 100 U/ml penicillin, and 100 µg/ml streptomycin in a humidified atmosphere with 5% CO 2 at 37°C.
Results were analyzed according to a slightly modified protocol used at the National Cancer Institute (14) . The cell lines were inoculated in parallel to a series of standard 96-well microtiter plates on day 0, at 1.2 × 104 cells/ml (H460), 3 × 104 cells/ml (MCF7), or 1×105 cells/ml (MOLT-4), depending on the doubling times of specific cell line. Test substances were then added at 5, 10, 50, 100, 500, or 1000 µg/ml concentrations and incubated for a further 72 hours. Doxorubicin was used in parallel as a control, reference compound, and was added in five 10-fold dilutions (10 −10 to 10 −6 M). Working dilutions were freshly prepared on the day of testing. The solvent dimethylsulfoxide (DMSO) was also tested for eventual inhibitory activity by adjusting its concentration to be the same as in working concentrations; its maximal concentration never exceeded 0.1%. After 72 hours of incubation, the cell growth rate was evaluated by performing the MTT assay, which detects for GI 50 ). Therefore, a "real" value for any of the response parameters was obtained only if at least one of the tested drug concentrations falls above, and likewise, at least one falls below the respective reference value. If, however, for a given cell line, all of the tested concentrations produce PGs exceeding the respective reference level of effect, then the lowest tested concentration is assigned as the default value. In screening data report, that default value is preceded by a "<" sign, signifying that the "real" value is something "less than" the lowest tested concentration. Likewise, if none of the tested concentrations produces the required PG reference level of effect or greater, then a ">" sign precedes the printed default value (which is the highest tested concentration), signifying that the "real" value is something "greater than" the highest tested concentration (13) (14) (15) .
RESULTS
The yield of L. angustifolia essential oil was 2.25% (v/w) on dry weight basis. The oil was colorless with agreeable perfumery odor. A total of 25 compounds were identified, representing 98.2% of the total content of the essential oil ( Table 2 ). The essential oil was dominated by the presence of alcohol (51.8%) and ester derivatives (22.6%), followed by monoterpene hydrocarbons (11.0%), oxygenated monoterpenes (5.5%), sesquiterpenes (3.6%), and aliphatic compounds, which represent 4.0% of the total oil. Linalool was the most prominent compound found in highest concentration (37.9%), followed by linalyl acetate (12.1%) and lavandulyl acetate (8.3%).
Antibacterial activity
The results of the antibacterial activity of the essential oils are presented in Table 1 . Obtained results revealed that essential oil exhibited variable levels of antibacterial activity against all tested bacterial strains. The essential oils investigated showed better activity against Gram-positive than Gram-negative bacteria.
Antioxidant activity
This study, also, determined the antioxidant activity of one species of the family Lamiaceae. The results indicate that the hexane extract of the plant demonstrated antioxidant activity and showed the high activity with an EC 50 value of 0.421 mg/ml (Table 3 and Figure 1 ).
Antiproliferative effects of the essential oil
The essential oil showed significant antiproliferative activity against three cancer cell lines, MOLT-4,
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NCI-H460 (H460), and MCF7, with inhibitory concentration 50% values of 17, 94, and 97 µg/ml, respectively. GI of cells in vitro assessed by MTT assay 72 hours after the addition of essential oil ( Figure 2 ) and doxorubicin (Table 4) , presented as concentration-response profiles. Lavender oil was the most active on the acute lymphoblastic leukemia cells (GI 50 17 µg/ml). Less activity was found when lavender essential oil was applied to MCF7 and NCI-H460 cell cultures, GI 50 94 µg/ml and GI 50 97 µg/ml, respectively.
DISCUSSION
We investigated composition, antiproliferative, and antimicrobial characteristics of L. angustifolia.
The most abundant components in oil were linalool (37.9%), linalyl acetate (12.1%), and lavandulyl acetate (8.3%), whith the yield of 2.25% (v/w). Other major constituents (>1.0%) of the oil were lavandulol (3.8%), terpinen 4-ol (4.9%), a-terpineol (2.8%), caryophyllene oxide (2.5%), β-caryophyllene (1.1%). Characterized by its high content in linalool/linalyl acetate, this essential oil belongs to Mediterranean chemotype (16) . Minor components (<1.0%) identified in the oil were 1.8 cineole (0.7%), limonene (0.9%), camphor (0.4%), and 3-octanone (0.3%). These components are important for evaluation of quality lavender oil according to European Pharmacopoeia. The concentrations of linalool, lavandulol, 1.8 cineole, limonene, camphor, terpinen-4-ol, and 3-octanone were in the range of European Pharmacopeia (17) . However, recent studies of lavander oil composition from 41 different regions showed that composition of major components may vary, e.g. linalool (27.3-42 .2%), linalyl acetate (27.2-46.6%), trans β-ocimene (0.2-11.6%), terpinen-4-ol (0.70-4.6%), lavandulyl acetate (0.50-4.8%), β-caryophyllene (1.8-5.1%), cis β-ocimene (0.30-3.8%), a-terpineol (0.30-2.0%), and 1,8-cineole (0.10-1.2%) (18, 19) . In our study the concentrations of lavandulyl acetate were higher while the linalyl acetate was lower. The differences observed in the constituents of essential oil in this study may be due to different chemotypes and environmental factors. Linalool, linalyl acetate, a-terpineol, 1.8 cineole, terpineol 4-ol, limonene, and essential oils rich of these compounds possess various biological activities such as antiproliferative, antioxidant, and antimicrobial properties (4, 19) .
The results of the antibacterial activity of the essential oils are presented in Table 1 . Different concentrations (5%, 1%, and 0.5%) of the essential oils tested by disc diffusion method showed bacteriostatic activity on all bacterial stains, except E. coli. The essential oils investigation showed better activity against Gram-positive than Gram-negative bacteria. Most sensitive bacterial stains were S. aureus and S epidermidis. According to literature, monoterpene alcohol linalool as other alcohols present, demonstrate high antibacterial activity (7, 20) . Generally, hydrocarbon monoterpenes show the lowest antibacterial activity, while oxygenated compounds show a higher activity in general. Results also showed that greater antimicrobial potential could be assigned to oxygenated terpenes, especially the alcohol compounds (20, 21) .
The results of the antiproliferative activity suggested that L. angustifolia essential oil inhibits the proliferation of MOLT-4, MCF-7, and H460 cells in a dose-dependent manner. Essential oil shows different activity toward tested cell lines. Interestingly, the lavender essential oil had the most anfiproliferative effect towards the MOLT-4 cell line, GI 50 17 µg/ml. Each type of cancer involves a specific signaling pathway. Moreover, an anticancer compound does not necessarily treat all types of cancer (22) .
Together with antiproliferative, lavender oil showed antioxidant and antimicrobial properties (Tables 1, 3, 4) . Even though there is a relationship between these three activities, the different 42 mechanisms, involving different compounds present in essential oil, could explain existence of these various effects. Indeed, ROS may interact with and modify cellular protein, lipid, and DNA, which results in altered target cell function. The accumulation of oxidative damage has been implicated in both acute and chronic cell injury, including possible participation in the formation of cancer (22) . A link between infection and cancer has long been suspected, but its molecular nature remained still to be defined (23) . Chronic infection may directly affect the cells that eventually become transformed as well as exert indirect effects on the tumor cell through surrounding cells (24, 25) . In literature, comparative studies of cytotoxic and apoptotic properties of the essential oil of L. angustifolia on malignant cells showed that lavender essential oil was effective against MCF-7 and HeLa cell lines (26) . Furthermore, another study on lavender essential oil from Morocco confirmed antiproliferative activity on MCF-7 line cells (GI 50 98.5 µg/ml) (27) . Comparing results obtained from the similar study undertaken from different geographical regions showed similar antiproliferative activity on MCF-7 cell line.
In this work and in the available literature, lavender essential oil seems to have a potential as anticancer therapeutic agents. However, the presence of the phytocomplex of numerous constituents that simultaneously interfere with multiple signaling pathway might be reason for effective anticancer therapy.
CONCLUSION
The results of our study suggest that the essential oil of L. angustifolia has potential antiproliferative activity against several malignant cell lines (MOLT-4, MCF-7, and H460), with the biggest effect shown on hematological malignant MOLT-4 cells. In addition, antioxidant and antimicrobial properties were observed, which were found to correlate with the level of mainly monoterpene alcohols and esters. However, further research is required to elucidate the exact mechanism of action, as well as to determine the safety of the long-term use.
